Introduction and objectives: To analyze postoperative complications and to assess for significant predictive factors during partial nephrectomy (PN) using a large multicenter dataset. Conclusions: Comorbidities and surgical approach should be considered in preoperative evaluation of patients undergoing PN, as they resulted to play a significant role in the occurrence of postoperative complications.
Introduction
Renal cell carcinoma (RCC) diagnosis has increased worldwide in both men and women because of higher use of diagnostic imaging. 1 Historically, partial nephrectomy (PN) was exclusive for small renal masses or patients with reduced renal function, but with advances of surgical skills, its indications have broaden out to high-complex tumors such as hilar, completely endophytic and clinical T1b renal masses. 2, 3 PN has been associated, in observational and retrospective studies, with reduced mortality for cardiovascular accidents compared to radical nephrectomy. Concurrently, postoperative surgical complications represent the prominent concern of PN, as they have been reported in up to 30% of cases, with a major (Clavien 3e4) complication rate of 3e6%. 4 Hemorrhagic complications caused by bleeding from the healthy renal parenchyma represent common and potentially life-threatening events, as they may require blood transfusions and, in some cases, a radiologic maneuver or a surgical reintervention. Urinary fistulas are often associated to the resection of endophytic renal masses, as a consequence of a renal calyceal violation. Usually, they are managed by a prolonged maintenance of abdominal drain and, as second line of treatment, by ureteral stenting. 5, 6 Multiple factors have been variously reported as predictive of surgical complications. These factors seem to be dependent on patients' clinical characteristics, nephrometry parameters, surgical approach and technique. 3, 7 The aim of this study is to analyze postoperative complications of PN and to assess for significant predictive factors in T1 renal tumors by the retrospective analysis of a prospective multicentre cohort (RECORd1 Project).
Materials and methods
The Italian Registry of Conservative Renal Surgery (RECORd Project) is a 4-year prospective observational multicentre study promoted by the Leading Urological No profit foundation Advanced research (LUNA) of the Societ a Italiana di Urologia (SIU). The RECORd project includes all patients who underwent conservative surgical treatment for radiologically diagnosed renal cell carcinoma (RCC) between January 2009 and December 2012 at 19 urological Italian Centers, upon the approval of the study protocol by the local ethical committee and patients' acceptance of the written informed consent. 8 An online central data server was generated. It contains anthropometric, preoperative, and imaging data, indications and comorbidities, intra and post-operative data, histopathological analysis. All data were prospectively recorded by medical doctors. Surgical indications were defined as elective (localized unilateral RCC with healthy contralateral kidney), relative (localized unilateral RCC with the coexistence of comorbidities such as diabetes, hypertension or lithiasis that could potentially affect kidney function in the future) and absolute (bilateral tumors, multiple tumors, moderate to severe CKD or tumors involving an anatomically or functionally solitary kidney).
Patients with uncontrolled diabetes at preoperative exams were submitted either to the Diabetes center of the referring hospital or the anesthesiologist in charge and had their treatment changed to achieve a better control of glycemia. Similarly, patients with uncontrolled hypertension had their treatment changed either by cardiologist or anesthesiologist in charge.
Performance status was assigned according to the ECOG criteria. 9 In all patients, clinical workup included at least abdominal computed tomography (CT) scan and chest Xray. Tumors were classified according to their location on the longitudinal plane (upper pole, middle part, and lower pole) and on the transverse plane (anterior surface, posterior surface, lateral margin, medial margin, peri-hilar) of the kidney. According to the degree of depth into the kidney, each tumor was also classified into three growth pattern categories: prevalently (50%) exophytic, prevalently endophytic (<50% exophytic), and entirely endophytic. Centers were divided in low-and high-volume according to the threshold of 50 PNs performed per year. All intraoperative data including surgical approach and technique, the decision whether to clamp the renal vessels, type of ischemia, warm ischemia time (WIT), intraoperative estimated blood loss (EBL) and operative time were recorded. The minimally invasive, laparoscopic or robot assisted, and open approaches as well as the surgical technique, performed in the form of standard PN or simple enucleation (SE), were adopted according to the centers' and surgeons' preference. Robot-assisted and laparoscopic approaches were routinely done in 5 and 11 over 19 centers, respectively. Surgeons were all skilled in performing either robot-assisted, laparoscopic or open PN. Standard PN has been defined as the excision of the tumor with a minimal margin of healthy peritumoral renal parenchyma. SE has been defined as the blunt tumor excision without removing a visible rim of parenchymal tissue around the pseudocapsule. 10 Hemoglobin, hematocrit, creatinine, and estimated glomerular filtration rate (eGFR) by using modification of diet in renal disease (MDRD) formula were recorded for each patient preoperatively, in the first day and within the first month postoperatively. Intraoperative complications were defined as medical and/or surgical complications occurring between induction of the anesthesia and patient awakening that could potentially cause injury and require unplanned medical or surgical maneuvers. Hospital stay and postoperative complications occurring within 30 days from surgery were recorded. Surgical postoperative complications were defined as any postoperative event caused by surgery until the 30 th postoperative day (POD), altering the normal postoperative course and/or delaying discharge. Medical postoperative complications were defined as any postoperative event with no direct relation to surgery until the 30th POD, altering the normal postoperative course and/or delaying discharge. The severity of complications was graded according to the modified Clavien classification system. 6 The ten Martin's criteria for accurate and comprehensive reporting of surgical complications 11 and the European Association of Urology (EAU) standardized quality criteria on reporting PN surgical complications were applied. 12 For the purpose of the study, only patients with clinical T1 (7 cm diameter at radiological diagnosis) renal tumors were included. Furthermore, patients who experienced intraoperative complications were excluded from the data analyses for their potential confounding effect in the evaluation of preoperative and intraoperative risk factors for postoperative complications.
Categorical variables were reported as frequencies and proportions. Continuous variables were considered parametric or not parametric basing on kurtosis and skewness values and, therefore, reported as mean and standard deviation (SD) or as median and interquartile range (IQR), as appropriate. The Student t test and the ManneWhitney U test were used to compare continuous to categorical variables and the Pearson's chi square test was used to compare two categorical variables. A logistic regression was used to make multivariable analyses. Statistical significance was set as p 0.05. All reported p values were two-sided. Analyses were carried out with SPSS version 20.0 (SPSS Inc, Chicago, IL, USA).
Results
Overall, 979 patients were included in the dataset. For the purpose of the study, 14 cases of clinical T2 renal tumors, as well as 40 cases who experienced intraoperative complications were excluded. Preoperative features of 925 patients are summarized in Table 1 pleural effusions, 1 pulmonary hypertension), cardiologic in 18 (1.8%) cases (5 ischemic events, 11 arrhythmias, 2 hypertensive crisis), one deep venous thrombosis (0.1%) and from other causes in 7 (0.7%) patients. All three Clavien 3 medical complications (0.3%) were respiratory: 2 pneumothoraxes treated by pleural drainage and 1 acute respiratory distress syndrome treated by tracheal intubation. Positive surgical margins were reported in 41 (5.5%) over 740 malignant tumors.
We assessed pre-and intra-operative variables related to overall and Clavien 3 surgical postoperative complications (Tables 3 and 4) . At univariate analysis uncontrolled 
Discussion
The indications for PN have expanded, over the past decade, in comparison to radical nephrectomy (RN), because of comparable oncological and improved functional outcomes along with a better long-term survival due to reduced mortality for cardiovascular accidents. 13 Conversely, the European Organization for Research and Treatment of Cancer (EORTC) trial 30904 demonstrates that PN seems to be significantly less effective than RN in terms of overall survival and several studies reported a significantly higher postoperative complication rates of PN in complex renal masses and/or comorbid patients. 14 To date, the controversial opinions about the risk/benefit ratio of both PN and RN along with the clinical features of each patient often influenced the treatment decision for localized RCC.
The present analysis examined a contemporary, prospectively recorded, series of almost a thousand consecutive patients who underwent open, laparoscopic or robotic PN in 19 Italian centers and showed a pan view on the incidence and type of surgical and clinical complications that may occur after surgery.
Indeed, postoperative surgical complications represent the prominent concern of PN, as they have been descripted in up to 30% of historical series, with a major complication rate of 3e6%. 15 Bleeding is the most frequent and worrisome surgical complication, as shown by the large adoption of hemostatic agents in spite of a clear evidence of their usefulness. 16 In the present study, overall and major surgical postoperative complications were reported in 13.1% and 3.5% of cases, respectively. The presence of comorbidity (analyzed as ECOG 1), lower preoperative hemoglobin and the open surgical approach resulted as significant and independent predictive factors of the development of overall surgical postoperative complications. Conversely, age, BMI, uncontrolled hypertension and diabetes corrected pre-operatively, nephrometry parameters, surgical indication and surgical technique did not.
Conflicting results have been reported in the literature about the influence of comorbidities and performance status, variously recorded using the Charlson's comorbidity index (CCI), the age adjusted CCI, or the ECOG score, on surgical complications. Larcher et al. reported that CCI is a significant predicting factor (OR: 1.14, p < 0.001) of surgical complications, as well as age, tumor diameter, previous acute kidney injury, tumor size and open surgical approach in over 1962 patients treated for T1a RCC. 15 Conversely, in other studies comorbidity, reported as CCI, age adjusted CCI and the American Society of Anesthesiologists (ASA) physical status classification system, was not reported as significant predictive factors of complications. 4, 7, 17 The evaluation of performance status in the present series showed that patients with ECOG 1 have a 1.85-and a 1.93-fold significant risk of development of overall and Clavien 3 surgical complications, respectively. Moreover, higher level of serum hemoglobin revealed to be significant protective factor with occurrence of overall surgical complications. These results may confirm the indication of performing RN in comorbid and weak patients to reduce the risk of complications, but, on the other hand, PN can be justified by the theoretical benefit of avoiding longterm decrease of renal function, that in this cohort of patients may be even more important in order to increase overall survival.
RAPN might represent a viable alternative to OPN in this subgroup of patients for its protective effect from complications. Indeed, in our series, we had the opportunity to evaluate together the potential effects on complications of OPN, LPN and RAPN. OPN was performed in all of the nineteen centers. LPN was available in eleven centers and it was used since the beginning of the study, while RAPN was available in five high volume centers only in the last two years of data collection. 8 All surgeons were skilled in each of the three approaches performed: the choice among the approaches was primarily based on the availability of the technologies in the centres involved, but also on the surgeons' skills and experience. The different preoperative features, as comorbidity and the anatomical features of the tumors between the three approaches, might represent a possible bias in the analyses. Therefore, we performed accurate statistical analyses including important patients' and tumors' related factors that confirmed that the open surgical approach was strongly and independently associated with the development of postoperative surgical complications (Tables 3 and 4 ). In detail, OPN was associated with a nearly three-fold risk of overall postoperative surgical complications in comparison with RAPN and surgical approach was a significant and independent predicting factor of major complications (Clavien 3 surgical and medical complications). These results agree with a large retrospective study by Ghani et al., which analyzed the postoperative outcomes in patients submitted to PN in US from 2008 to 2012 and showed that RAPN and LPN were significantly associated with a lower risk of overall postoperative complications and transfusion rate compared to OPN. 18 A possible explanations being the benefits of minimally invasive surgery in addition to the improved dexterity and vision of robotic system that makes open surgery actions replicable and more precise with a robotic approach.
The surgical technique adopted, has been reported to have a potential effect on the development of surgical postoperative complications for the protective role of SE with a decreased rate of entry into the renal sinus and of calyceal injuries, as long as a reduced need for tumor bed suturing and a reduced warm ischemia time. 10, 19 On the contrary, the present study did not show any protective role of SE on surgical postoperative complications. Several explanations can be provided: first, the surgical technique was not recorded using the SIB margin score, a newly developed system that aims to standardize the reporting of surgical techniques, 20 while all data were registered according to the surgeon-intention. Furthermore, the advantages of SE could be more evident in a subgroup of patients with large endophytic tumors instead of in the entire series that included also a substantial number of cortical lesions where the removal of a subtle rim of normal parenchyma may not injury main parenchymal vessels or calyceal system. Several studies demonstrated that nephrometry scores might significantly predict the risk of complications. 7, 4, 21 However, Desantis et al. suggested that some clinical tumor features included in the nephrometry scores, such as clinical diameter and endophytic growth pattern, seem more predictive of complications than others do. 22 In the present study, nephrometry scores were not reported as they had been introduced in literature after the generation of this prospective database (2008) . Nevertheless, all nephrometry tumor features, such as clinical diameter, growth pattern, polar site, localization including hilar location and side, were descripted and none of these significantly predicts surgical complications. Moreover, we performed a uni-and multi-variable analysis with a modified PADUA score, which included all anatomical features but urinary calyceal system compression or invasion. This score did not significantly influence the incidence of overall surgical and major surgical and medical postoperative complications both as a continuous and as a divided risk class groups while the other variables did not change their significance at multivariable analysis (Results not showed).
This study is not devoid of limitations: cases were done by a wide set of surgeons in different centers: all surgeons were skilled in the approach performed. However, this might have increased the external reproducibility of the data with respect to a single-center or single-surgeon setting. As above mentioned, nephrometry scores were not reported. Despite these limitations, this study offers a wide report of perioperative features from a large multicenter prospectively recorded dataset of PN, performed either with open, laparoscopic and robot-assisted approach. Finally, the report of complications fulfilled the EAU standardized quality criteria.
In conclusion, the presence of comorbidities have to be weighted in the preoperative assessment of patients candidate to PN, as it was found to be significantly associated to overall and major surgical complications. Moreover, minimally invasive approach should be preferred, whenever possible, to avoid the risk of surgical complications.
